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@ Current self-control type glow plug. 

(57) A current self-control type glow plug includes 
a ceramic pipe 2 attached to a hollow body 1 
having a connector 12, and a front end portion 
15 and a body-side end portion 17 of the pipe 2 
are filled with ceramic fillers 6,7. The coil 3 
comprises the heating coil part 4 and the con- 
trol coil part 5. The heating coil part 4 constitut- 
ing a heating part is arranged in contact with 
the inner wall surface 20 of the pipe 2. The 
control coil part 5 constituting a current control 
part is arranged out of contact with the inner 
wall surface 20 of the pipe 2. The current con- 
trol means 10 having a positive resistance- 
temperature coefficient is connected to the coil 
3 and the connector 12. The resistance of the 
current control means 10 sharply increases 
above a specified temperature to cut off the 
current supply to the coil 3. *~ 



FIG. I 
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The present invention relates to a current self- 
control type glow plug used in a diesel engine. 

A glow plug has conventionally been used as a 
diesel engine start aiding device. As shown in Figure 
6, a glow plug 40 has a heater part 37, which is instal- 
led in a sub-chamber 39 formed in a cylinder head 38 
of a diesel engine. The glow plug 40 operates as fol- 
lows. When an engine key 36 is turned on to connect 
a switch 41, a battery 40 supplies electric current to 
the heater part 37 of the glow plug 40, quickly heating 
it to a sufficiently high temperature so that fuel, when 
it contacts the heater part 37, gets ignited. 

Because a conventional plug is heated rapidly, it 
is fabricated by embedding a tungsten wire in silicon 
nitride ceramic and sintering it. The tungsten wire has 
a resistance of 0.1 Q at room temperature for a 12-V 
power supply and carries a current of 120 A. When 
with elapse of time the glow plug is heated from the 
room temperature to 900°C, the tungsten wire has a 
resistance of 0.4 CI at this temperature, and the cur- 
rent is 30 A. To control the current a separate resistor 
is necessary. Normally, if a metal wire with a large re- 
sistance-temperature coefficient is connected in ser- 
ies with the above tungsten wire resistor, as the glow 
plug is heated, the resistance of the tungsten wire in- 
creases and the resistance of the current control re- 
sistor also increases until the tungsten wire resis- 
tance stabilizes at 1 Cl f and at this time the current is 
12 A. That is, for a conventional glow plug used in a 
diesel engine, when the 12-V battery supplies current 
according to a controller command, the initial current 
is 120 A. But, as the heater coil temperature rises, the 
resistance increases until it stabilizes at 1 Q. There- 
f re, the current is controlled by the controller so that 
th resistance of the heater coil of the glow plug is sta- 
bilized and held at 1 CI. 

Another type of conventional glow plug has been 
d veloped which self-controls its resistance at 1 CI 
without the use of a controller. Tungsten and nickel 
have a characteristic that the resistance increases 
with temperature. Therefore, as the temperature ris- 
es, the resistance increases, and the current decreas- 
es and is limited. A self-control type glow plug is made 
up of a tungsten coil and a nickel coil connected in 
series, with the tungsten coil embedded in a ceramic 
such as Si 3 N 4 . That is, in the self-control type glow 
plug, a conductor with a small resistance is arranged 
in a heating body of the heater coil and is connected 
to a nickel coil with a large resistance installed on the 
upstream side of the conductor. When a current 
flows, the nickel coil of the self-control type glow plug 
is heated, the resistance increases, the current de- 
creases, and the amount of heat generated by the 
heating body of the heater coil is thus controlled. 

Conventional self-control type glow plugs include 
those disclosed in Japanese Patent Publication Nos. 
34052/1992 and 19404/1985, and Japanese Patent 
Laid-Open Nos. 157423/1984 and 106326/1983. 



The self-control type glow plug disclosed in the 
Japanese Patent Publication No. 34052/1992, for ex- 
ample, has a current control resistor connected in ser- 
ies with a heating body to control the heating body 

5 temperature when a current is supplied and the tem- 
perature is high. In this glow plug, the heating coil and 
the resistor coil are connected in series and embed- 
ded in a ceramic sintered material, thus forming an in- 
tegral ceramic heater. The heating coil is made of a 

10 tungsten-rhenium alloy wire which has a positive re- 
sistance-temperature coefficient of less than four 
times, and the resistor coil is made of a pure tungsten 
wire or a pure molybdenum wire. 

A sheathed glow plug disclosed in the Japanese 

15 Patent Publication No. 19404/1985 is a self-control 
type sheathed glow plug, in which a heating coil and 
a resistor coil are directly connected to each other be- 
tween the inner bottom of a heat resistant, bottomed 
metal tube and a center electrode, and the winding 

20 pitch of the resistor coil is dense in the area close to 
a fitting on the central electrode side and coarse in 
the area close to the heating body side. 

These conventional self-control type glow plugs, 
however, are not satisfactory in terms of strength, 

25 heat shock durability and high-temperature resis- 
tance when used in a high-temperature combustion 
chamber of a thermally-insulated engine. Because 
the heating coil formed of a tungsten carbide wire and 
the resistor coil formed of a nickel wire are connected 

30 together to make a glow plug of such materials having 
different resistance-temperature coefficients, or 
formed in different shapes, the conventional self- 
control type glow plugs have drawbacks that the nick- 
el wire may be broken due to overheat during use or 

35 deteriorated with time and that they have a complex 
structure. Consequently the conventional glow plugs 
are not satisfactory in terms of cost and strength. 

For a ceramic glow plug of current self-control 
type, the resistance in an upstream region of the cur- 

40 rent path of the heater coil must increase very shar- 
ply. Normally, in the glow plug a saturation current 
flows at about 1 a for a 12-V supply voltage and the 
temperature is kept at about 900°C. To heat the glow 
plug instantly, a resistance of approximately 0.1 CI is 

45 required at room temperature, usually, a wire used as 
a heating coil has a resistance-temperature coeffi- 
cient of the order of 4x1 0- 3 , and therefore it is impos- 
sible to saturate the current at 900°C. 

The glow plug installed in a combustion chamber 

50 is heated in a short period of time by the current sup- 
plied and functions as an engine start aiding device 
to facilitate ignition and combustion of fuel. In diesel 
engines, however, above a certain temperature, the 
fuel can be ignited and burned without the aid of a 

55 glow plug. Hence, when the combustion chamber is 
heated above a certain temperature, it is necessary 
to interrupt current supply to the glow plug and stop 
its heating function. Conventional glow plugs need a 
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current interruption device to stop current supply. 
Therefore a current self-control type glow plug has 
been developed. The conventional current self- 
control type glow plug, although it can automatically 
reduce the current flowing through the heating coil, 5 
does not have a function to interrupt the current 
through the heating coil. To interrupt current through 
the heating coil, an interrupting device such as a 
timer is required. Such a current interrupting device, 
however, has a complex mechanism in order to 10 
change the current supply period according to the en- 
gine conditions. 

A primary aim of this invention is to overcome the 
above-mentioned problems and provide a current 
self-control type glow plug, wherein a coil which com- 15 
prises a heating coil part constituting a heating part 
and a control coil part constituting a current control 
part is installed in a ceramic pipe, and current flowing 
through the coil is controlled to generate an appropri- 
ate amount of heat; current control means (referred to 20 
as PTC means) which has a positive resistance-tem- 
perature coefficient and has a function that the resis- 
tance sharply increases above a specified tempera- 
ture is connected between the coil and a connector; 
the current flowing through the coil is automatically 25 
stopped in response to an elevated temperature high- 
r than a specified temperature by the current inter- 
ruption function of the PTC means; and a specific re- 
sistance of the PTC means is minimized by adopting 
an appropriate structure of the PTC means. 30 

It is another aim of this invention to provide a cur- 
rent self-control type glow plug, which is character- 
ized in that the glow plug comprises a hollow body in 
which a connector is installed through insulating 
members, a ceramic pipe attached to the hollow body, 35 
a coil comprising a heating coil part and a control coil 
part connected in series with each other and installed 
inside the pipe projecting from the hollow body, and 
PTC means installed in the hollow body, connected in 
series with the heating coil portion having an electri- 40 
cal resistance which increases sharply above a spe- 
cified temperature to reduce electric current to the 
coil significantly; and the PTC means preferably com- 
prise positive resistance-temperature coefficient ter- 
minals (PTC terminals) connected in parallel at one 45 
end to the connector and at the other end to the coil 
terminal of the coil, or current control disks (PTC 
disks) having a positive resistance- temperature coef- 
ficient and connected in parallel atone end to the con- 
nector and at the other end to the coil terminal of the 50 
coil. 

The present invention provides a current self- 
control type glow plug including a hollow body having 
a connector through insulating members, a ceramic 
pipe fitted to the hollow body, and a coil having a 55 
heating coil part and a control coil part connected in 
series with each other, the heating coil part being pro- 
vided inside the pipe protruding from the hollow body, 
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and the control coil part being provided in the pipe; 
characterized in that the glow plug further includes 
current control means having a positive resistance- 
temperature coefficient installed in the hollow body, 
the current control means has one end thereof con- 
nected to the connector and the other end connected 
in series with the coil, and the electrical resistance of 
the current control means increases sharply above a 
specified temperature, and consequently the current 
flowing through the coil is decreased. 

The coil is made of a material having a positive 
resistance-temperature coefficient. The front end 
portion of the pipe in which the heating coil part is ar- 
ranged constitutes a heating part, and the intermedi- 
ate portion of the pipe where the control coil part is 
provided constitutes the current control part The 
control coil part installed in the intermediate portion 
of the pipe is covered with an insulating material to re- 
liably heat-insulate the control coil part from the pipe. 
Therefore, heat generated from the heating part con- 
taining the heater coil by supplying current from a bat- 
tery to the coil is dissipated outside. On the other 
hand, heat generated from the control coil part is in- 
sulated, heating the control coil part. As the temper- 
ature of the control coil part rises, the current flowing 
through the control coil part is reduced. Thus, the 
control coil part constitutes a reliable current control 
part. That is, when current is passed through the coil, 
the front end portion of the pipe containing the heat- 
ing coil part constitutes a heating part, and emits 
heat. When the control coil part is heated above a 
specified temperature, its resistance becomes large, 
limiting the current flowing through the coil, prefer- 
ably of tungsten wire, thus self-regulating the amount 
of heat emitted from the ceramic pipe to an appropri- 
ate value. 

When the connector and the coil are connected 
together by PTC terminals which constitute the PTC 
means and which are thin and have large areas, it is 
possible to reduce the resistance of the PTC means 
when the temperature is low. At the same time, as the 
temperature in the region where the PTC means is 
provided rises, the resistance of the PTC means shar- 
ply increases, automatically shutting of f the current to 
the coil. In such a way, the PTC means can have a 
timer function of stopping electric current when the 
temperature is high. Specifically, when the tempera- 
ture of the region of the PTC means exceeds a spe- 
cified temperature, the resistance of the PTC means 
rises rapidly. In this case, if the coil terminal in contact 
with the PTC terminals of the PTC means are formed 
into metal disks, the metal disks are evenly heated by 
the current application, and the entire PTC means is 
heated, resulting in a sharp increase in the resistance 
of the PTC means. When the resistance of the PTC 
means increases, the current to the coil is automati- 
cally interrupted to stop the function of the current 
self-control type glow plug. 
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When the coil is energized, the electric resis- 
tance of the PTC means must be small. When the 
PTC means are connected in parallel to each other by 
PTC terminals, the resistance of the entire PTC 
means becomes small when the temperature is low. 
That is, the PTC means have a very large resistivity 
(coefficient) k, as high as 1 n.cm whereas normal 
metals have 1x1th 5 n.cm. If such PTC means are di- 
rectly connected to a metal wire, a very large area is 
required. The resistance of a substance is generally 
expressed as R=k.L/A, where L represents the length 
and A represents the area. From this equation, forthe 
PTC means, the value L/A must be 10-* to have the 
same resistance as that of the metal. Therefore, the 
PTC means must be formed into such a shape that 
the conduction thickness is small and the area is 
large. This is the necessary condition to impart a cur- 
rent self-control type glow plug with a timer function. 
When resistors are connected in parallel, the net re- 
sistance is small. For example, when n PTC terminals 
are used, 

1/R = 1/R, + 1/R 2 + 1/R n 
where R is the total resistance, and R 1f R 2 , R n are 
respective resistances. Assuming that the resistanc- 
es of the PTC terminals are equal value of R 1f 
1/R = n x 1/R,. 

Therefore, 

R = R^n. 

Th total resistance of the PTC means becomes 
small. 

Preferably, the coil terminals are metal disks 
spaced from each other on the connector, and the 
PTC terminals are PTC disks corresponding to the 
metal disks. When the PTC means are constituted by 
PTC disks which are connected at one end to the con- 
nector and at the other end to the coil terminal, the re- 
sistance R of the PTC means is inversely proportional 
to the area A. That is, 

R = k.L/A. 

Alternatively, the PTC disks may be constituted 
by a spiral member wound between the connector 
and the coil terminal. In this case, the resistance can 
b reduced by increasing the area of the member. 

As the engine runs smoothly and the combustion 
heat from the combustion chamber or the heat gen- 
erated by the coil is transferred to the PTC means, the 
PTC means is heated above a predetermined temper- 
ature, and the resistance of the PTC means increases 
exponentially, cutting off the current to the coil to stop 
the function of the current self-control type glow plug. 

When the pipe is formed of highly heat-resistant 
Si 3 N 4 ceramic, the pipe exhibits excellent heat resis- 
tance and acid resistance and also has a high 
strength at high temperatures. 

Preferably, the glow plug includes a first ceramic 
filler in the area where the heating coil is installed and 
a second ceramics filler in the body-side end of the 
pipe made of Si 3 N 4 containing Ti0 2 which does not 



57 698 A2 6 

contract during baking. Therefore no gap between the 
fillers and the pipe is formed. Further, that ceramic 
material has a good heat conductivity. Because of 
these characteristics, the fillers can properly seal the 
5 intermediate portion of the pipe, and the pipe can be 
well sealed. 

The PTC means preferably comprise PTC termi- 
nals connected in parallel which are made of semi- 
conductive BaTi0 3 sintered material or PbTi0 3 sin- 

10 tered material. It is therefore possible to reduce the 
overall resistance of the PTC means at low tempera- 
tures, so that smooth current supply to the PTC 
means is assured until it is heated to a predetermined 
temperature. That is, the PTC terminals of TaTi0 3 sin- 

15 tered material constituting the PTC means, when 
heated to 120-130°C f sharply increase their resis- 
tance to lOMO 5 ^. Therefore, if the PTC means com- 
prise, e.g., 1 0 PTC terminals, the overall resistance of 
the PTC means is 1 0 3 - 1 0 4 Q allowing the PTC means 

20 to function as a dielectric. 

The PTC means may be formed to have a large 
area. In this case also, the resistance of the PTC 
means is small at low temperatures and current flows 
smoothly through the PTC means until its tempera- 

25 ture reaches a predetermined value. When the PTC 
means is heated above a predetermined tempera- 
ture, it interrupts the current through the coil. 

The coil is preferably formed of a tungsten wire 
or nickel wire having a positive resistance-tempera- 

30 ture coefficient. The control coil part installed in the 
intermediate portion of the pipe is preferably covered 
with a heat-insulating material and insulated from the 
pipe. Thus, the temperature of the control coil part will 
quickly increase to raise the resistance, thereby prop- 

35 erly controlling the current flowing through the coil. 

The current self-control type glow plug, there- 
fore, is suited for application as a diesel engine start 
aiding device. Moreover, it does not require a timer to 
interrupt current nor waste the power of the battery. 

40 Preferred embodiments of the present invention 

will now be described herein below by way of example 
only with reference to the accompanying drawings, in 
which: 

Figure 1 is a schematic cross section of an em- 
45 bodiment of a current self-control type glow plug 

of this invention; 

Figure 2 is a graph showing the relation between 
the temperature and resistance of PTC means 
(current control means having a positive resis- 

so tance-temperature coefficient); 

Figure 3 is an enlarged cross section of an em- 
bodiment of a PTC means built in the current self- 
control type glow plug of Figure 1 ; 
Figure 4 is an enlarged cross section of another 

55 embodiment of the PTC means built in the current 

self-control type glow plug of Figure 1; 
Figure 5 is an enlarged cross section of still an- 
other embodiment of the PTC means built in the 
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current self-control type glow plug of Figure 1; 
and 

Figure 6 is a schematic diagram showing the ar- 
rangement of a conventional glow plug installed 
in the combustion chamber of a diesel engine. 
Now, referring to the accompanying drawings, 
embodiments of the current self-control type glow 
plug according to this invention will be described. 

The current self-control type glow plug is mainly 
made up of a hollow body 1 having a terminal or con- 
nector 12 mounted in a hollow portion 21 through an 
insulator 19 such as an insulating bushing, a ceramic 
pipe 2, a coil 3 comprising a tungsten wire, current 
control means 10 with a positive resistance-temper- 
ature coefficient for connecting the coil 3 to the con- 
nector 12, and ceramic fillers 6, 7 with which both 
ends of the pipe 2 are filled. The hollow body 1 is 
made of a metal such as a heat resisting alloy and has 
a thread 22 for fitting this glow plug to another com- 
ponent. On the connector 12 is screwed a positioning 
and fixing nut 18 that positions and fixes the connec- 
tor 12 to the hollow body 1. The ceramic pipe 2 can 
be securely joined to the hollow body 1 by metalizing 
the outer surface 23 of the ceramic pipe 2 and fitting 
the ceramic pipe 2 in the inner surface 24 of the hol- 
low body 1. A front end portion 15 that constitutes a 
heating part of the ceramic pipe 2 protrudes from the 
end 25 of the hollow body 1. The current control 
means 10 have one end thereof connected to an end 
8 of the coil 3 and the other end 9 connected to the 
connector 12 through a connector part 13. The other 
end 9 of the coil 3 is connected to the hollow body 1 
for electrical grounding. 

In this current self-control type glow plug, a con- 
ductor having the connector 12 is projected into the 
hollow portion 21 of the hollow body 1 , and the cer- 
amic pipe 2 constituting the heater part or the front 
end portion 15 is fixed to and projected from the body 
1. The ceramic pipe 2 is sealed at both ends by the 
first ceramic filler 6 and the second ceramics filler 7. 
The ceramic pipe 2 has its front end portion 1 5 closed 
and an intermediate portion 16 having a hollow por- 
tion 26. In the hollow portion 26 of the pipe 2 is instal- 
led a double pipe made of an insulating material 11 
such as SiC ceramic fibers which encloses the con- 
trol coil part 5 of the coil 3 both from inside and out- 
side. Hence, the control coil part 5 of the coil 3 is heat- 
insulated from the pipe 2. The inside of the hollow por- 
tion 26 is in a vacuum or filled with N 2 gas to prevent 
oxidation of the coil 3. An electrode-side end portion 
1 7 of the pipe 2 is sealed by the second ceramic filler 
7. 

In this current self-control type glow plug, the coil 
3 is of a tungsten wire or nickel wire of a material hav- 
ing a positive resistance- temperature coefficient. 
The coil 3 comprises a heating coil part 4 placed in 
contact with the inner wall surface 20 of the front end 
portion 15 of the pipe 2 and a control coil part 5 ar- 



ranged out of contact with the inner wall surface 20 
of the intermediate portion 16 of the pipe 2. The front 
end portion 15 is filled with the first ceramic filler 6 
with a good heat conductivity, which presses the 

s heating coil part 4 to the inner wall surface 20 of th 
pipe 2. The body-side end portion 17 of the pipe 2 is 
filled with the second ceramic filler 7, which is in close 
contact with the inner wall surface 20 of the pipe 2 and 
with the outer surfaces of the end portions 8, 9 of the 

10 coil 3. Thus, the hollow portion 26 in the intermediate 
portion 16 of the pipe 2 is sealed by the first and sec- 
ond ceramic fillers. The connector 12 is provided at 
its end with the connector part 13, and the end 8 of 
the coil 3 is provided with an annular coil terminal 28. 

15 The coil terminal 28 is installed inside the inner wall 
surface of the hollow body 1 with an insulating mate- 
rial 29 interposed therebetween, and comprises a 
number of current control disks 27 with a positive re- 
sistance-temperature coefficient which are spaced 

20 from each other longitudinally and extend radially in- 
wardly from the inner wall surface of the coil terminal 
28. 

This current self-control type glow plug is charac- 
terized by the current control means 10, which con- 

25 nect, in the hollow portion 21 of the hollow body 1 , the 
connector portion 13 of the connector 12 and the end 
8 of the coil 3. The current control means 10 are made 
of a material whose electric resistance exponentially 
increases above a certain temperature, i.e., a mate- 

30 rial having a positive resistance-temperature coeffi- 
cient which interrupts the current flowing through the 
coil 3 by its electric resistance that increases sharply 
above a predetermined temperature. In other words 
the current control means 10 are a kind of tempera- 

35 ture-rise sensitive current interrupting member. The 
current control means 10 are made of a semiconduc- 
tive BaTi0 3 sintered material (or PbTi0 3 sintered ma- 
terial). The current control means 10 comprises two 
or more PTC terminals 27 each having one end con- 

40 nected to the coil terminal 28 of the coil 3 and the 
other end to the connector part 13 so that PTC termi- 
nals are all parallel ly connected to the coil terminal 28 
and the connector part 13. 

Metal disks 14 are disk members spaced longitu- 

45 dinally from each other on the connector portion 13 
by spacers (PTC spacers) 35 having a positive resis- 
tance-temperature coefficient. The metal disks 14 
and the current control disks 27 which are parallelly 
connected to the coil terminal 28 are alternately ar- 

so ranged in such a way that the faces of each metal disk 
1 4 are in contact with the faces of the adjacent current 
control disks 27. In this arrangement where the metal 
disks 14 are spaced by the PTC spacers 35, electric 
current flows through the metal disks 14 at low tem- 

55 peratures but, at elevated temperatures, the current 
flow through the PTC spacers 35 is reduced, inter- 
rupting the electric conduction between the metal 
disks 14 and accordingly substantially interrupting 
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the current from the connector part 13 to the coil ter- 
minal 28. 

The current control disks 27 of BaTi0 3 sintered 
material, as shown in Figure 2, have a PTC function 
or dielectric function whereby as the temperature in- 
creases to 120-130°C, the resistance of the current 
control disks 27 increases to 10M0 5 n. That is, when 
the current control disks 27 are heated to 120°C, their 
resistance increases to 1 0 4 n. Assume that there are 
10 current control disks 27 constituting the PTC 
means 10. Because the current control disks 27 are 
connected in parallel, the total resistance of the cur- 
rent control means 10 is 10 3 Q, so that almost no cur- 
rent flows through the current control means 10. 

Therefore, when current is supplied to the coil 3, 
heat generated in the heating coil part 4 and the con- 
trol coil part 5 of the coil 3 and in the metal disks 14 
connected to the connector part 13, or the combus- 
tion heat from the combustion chamber is transferred 
to the current control disks 27. After a specified per- 
iod of time, the PTC terminals 27 are heated to about 
120°C. When the current control disks 27 are heated 
to higher than 120°C, their resistance sharply rises, 
interrupting the current to the coil 3. The time during 
which the current control disks 27 are heated above 
120°C can be arbitrarily set by appropriately deter- 
mining the conditions of design and structure such as 
of the combustion chamber, cylinder head, cooling 
jacket and current self-control type glow plug. If the 
current self-control type glow plug is used as the start 
aiding device for a diesel engine, the time from the 
start of current supply to the current interruption is 
about 3-5 minutes. In this case, the current control 
means 10 are able to cut off the current supply to the 
coil 3 in three to five minutes. 

In this current self-control type glow plug, the cer- 
amic which is the material of the pipe 2 is Si 3 N 4 , and 
th ceramic which is the material of the first ceramic 
filler 6 and the second ceramic filler 7 contains S^h^ 
and Ti0 2 , and in some cases, TiN 2 . The coil 3 is 
formed of a single, continuous tungsten wire having 
a large diameter at the first coil part 4, and a small di- 
ameter at the control coil part 5. The heating coil part 

4 of the coil 3 can generate sufficient heat to heat the 
front end part 15 in a short period of time, thus con- 
stituting a heater part. The heat of the control coil part 

5 is not dissipated, so that its resistance increases 
with its temperature rise, thus constituting a current 
control part that controls the electric current. 

In this current self-control type glow plug, the 
pipe 2 is preferably made of Si 3 N 4 ceramic which is re- 
sistant to heat and very strong. The ceramic fillers 6, 
7 are made of Si 3 N 4 with a excellent heat resistance 
and a strength at elevated temperatures, and prefer- 
ably Si 3 N 4 ceramic containing 10% Ti0 2 and, if nec- 
essary, TiN 2 . The use of Si 3 N 4 ceramic containing 
Ti0 2 and TiN 2 improves the heat conductivity and the 
fillers made of this ceramic do not contract during sin- 



tering, so that the fillers has a good pipe sealing ca- 
pability. When the hollow portion 26 of the pipe 2 is 
not sealed in a vacuum nor filled with N 2 gas, the 
tungsten wire and nickel wire constituting the coil 3 

s need to be covered with SiC or WC to prevent oxida- 
tion. The coating can prevent oxidation of the coil 3 
and improves the anticorrosion and the durability. 

Constructed as described above, the current 
self-control type glow plug functions as follows. Elec- 

10 trie current from the battery is supplied through the 
connector 12, connector part 13 and current control 
means 10 to the coil 3. The control coil part 5 of the 
coil 3 is so arranged in the hollow portion 26 as to be 
heat- insulated, and the heating coil part 4 is arranged 

15 in contact with the inner wail surface 20 of the pipe 2, 
so that the front end portion 1 5 of the pipe 2 is heated 
by the heating coil part 4 and functions as a heater 
part. Thus, the front end portion 15 of the pipe 2, 
when installed in the combustion chamber, can f unc- 

20 tion as an engine start aiding device. Heat generated 
by the heating coil part 4 is dissipated through the 
pipe 2, while heat of the control coil part 5 is not re- 
leased so that the control coil part 5 becomes ex- 
tremely hot compared with the heating coil part 4. As 

25 the control coil part 5 becomes hot, it functions as the 
current control wire, increasing its resistance with the 
rising temperature to reduce the current flowing 
through the coil 3, thus self-controlling the amount of 
heat generated by the front end portion 15. When the 

30 temperature of the control coil part 5 lowers, the cur- 
rent through the coil 3 again flows, so that the front 
end portion 15 is heated by the heating coil part 4. In 
this manner, the front end portion 15 as the heater 
part is controlled to keep generating an optimum 

35 amount of heat at all times and to function properly 
as a start aiding device in the combustion chamber. 

Because the pipe 2 incorporating the heating coil 
part 4 in contact therewith is exposed to the outside 
of the combustion chamber, heat can be released 

40 from the pipe 2. For example, the temperature of the 
front end portion 15 is maintained at 900°C and the 
resistance of the heating coil part 4 is 0.4 Q. On the 
other hand, the control coil part 5, installed and heat- 
insulated in the sealed hollow portion 26, is heated to, 

45 for instance, 1,800°C and its resistance becomes 0.6 
n. The total resistance of the heating coil portion 4 
and the control coil portion 5 therefore is 1 Q, and sta- 
bilized. 

The current self-control type glow plug is stabil- 
50 ized, the heating coil part 4 and the control coil part 
5 continue to generate heat, and therefore good com- 
bustion is repetitively performed in the combustion 
chamber. As the engine begins to run smoothly, heat 
from the combustion chamber is transferred to the 
55 current control means 1 0, with the result that the met- 
al disks 14 constituting the connector portion 13 are 
heated raising the temperature of the current control 
disks 27 to, say, 1 20-1 30°C. When the current control 
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means 10 are heated to 120-130°C, the resistance of 
each current control disk 27 of the current control 
means 10 increases sharply to, say, 10M0 5 CI. The 
increased resistance of lOMO 5 CI results in that the 
current control means 10 substantially does not con- 
duct any current, cutting off the power supply to the 
coil 3. 

Next, referring to Figure 4, another embodiment 
of the current self-control type glow plug according to 
this invention will be described. The second embodi- 
ment has the same construction as that of the first 
embodiment except the current control means. The 
current control means 10 of this embodiment are 
formed in an annular ring 31, which is connected to 
the inner wall surface of an annular member 30 of the 
coil terminal 28 through a conductive ring 34. The an- 
nular ring 31 and the coil terminal 28 are insulated 
from each other by an insulating member 33. Further, 
the coil terminal 28 is connected to the end 8 of the 
coil 3, and the annular ring 31 is connected to the con- 
nector part 13. Because the current control means 10 
are formed in the annular ring 31, its area can be 
made large. Therefore, the current control means 10, 
which have a low resistance at low temperatures, in- 
crease their resistance to a very large value as they 
are heated to above 120°C, interrupting the current 
supply to the coil 3. 

Next, referring to Figure 5, still another embodi- 
ment of the current self-control type glow plug accord- 
ing to this invention will be described. This embodi- 
ment has the same construction as those of the pre- 
ceding embodiments except the current control 
means. The current control means 10 of this embodi- 
ment have a current control terminal formed into a cir- 
cular spiral body 32 that contacts the inner wall sur- 
face of the annular member 30 of the coil terminal 28, 
to increase the area of the current control means 10. 
The function is similar to that of the current self- 
control type glow plug shown in Figure 4. 

When this current self-control type glow plug is 
used as a start aiding device of the diesel engine, it 
automatically interrupts the current supply to the coil 
3 according to the combustion condition in the engine. 
This prevents unnecessary continuation of heating 
the current self-control type glow plug, avoiding 
waste of the battery power. 

Claims 

1. A current self-control type glow plug including a 
hollow body (1) having a connector (12) through 
insulating members (19), a ceramic pipe (2) fitted 
to the hollow body (1), and a coil (3) having a 
heating coil part (4) and a control coil part (5) con- 
nected in series with each other, the heating coil 
part (4) being provided inside the pipe (2) pro- 
truding from the hollow body (1), and the control 



coil part (5) being provided in the pipe (2); char- 
acterized in that the glow plug further includes 
current control means (10) having a positive re- 
sistance-temperature coefficient installed in the 
5 hollow body (1), the current control means (10) 

has one end thereof connected to the connector 
(12) and the other end connected in series with 
the coil (3), and the electrical resistance of the 
current control means (10) increases sharply 
10 above a specified temperature, and consequent- 

ly the current flowing through the coil (3) is de- 
creased. 

2. A current self-control type glow plug according to 
15 claim 1, wherein the resistance of the current 

control means (10) having a positive resistance- 
temperature coefficient increases sharply above 
a temperature close to a predetermined cooling 
water temperature to substantially interrupt the 
20 current supply to the coil (3). 

3. A current self-control type glow plug according to 
claim 1 or claim 2, wherein the current control 
means (10) comprises current control disks (27) 

25 constituting a terminal and made of a material 

which has a positive resistance-temperature 
coefficient and whose resistance sharply in- 
creases above a specified temperature, and the 
current control disks (27) are connected in paral- 
30 lei at one end to the connector part (13) of the 

connector (1 2) and at the other end to the coil ter- 
minal (28) of the coil (3). 

4. A current self-control type glow plug according to 
35 claim 3, wherein the faces of the current control 

disks (27) spaced from each other and arranged 
on the coil terminal (28) are in close contact with 
the faces of metal disks (14) spaced from each 
other and arranged on the connector part (13), 
40 and the current control disks (27) and the metal 

disks (14) are alternately stacked. 

5. A current self-control type glow plug according to 
claim 1 or claim 2, wherein the current control 

45 means (10) comprises an annular ring (31) ar- 

ranged between the connector (13) and the coil 
terminal (28). 

6. A current self-control type glow plug according to 
50 claim 1 or claim 2, wherein the current control 

means (10) comprises a spiral member (32) 
wound between the connector (13) and the coil 
terminal (28). 

55 7. A current self-control type glow plug according to 
any one of claims 1 to 6, wherein the current con- 
trol means (1 0) is made of a BaTi0 3 sintered ma- 
teria! or a PbTi0 3 sintered material. 
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A current self-control type glow plug according to 
any one of claims 1 to 7, wherein the coil (3) is 
formed of a tungsten wire or a nickel wire having 
a positive resistance-temperature coefficient 

A current self-control type glow plug according to 
any one of claims 1 to 8, wherein the pipe (2) is 
made of Si 3 N 4 having an excellent heat resis- 
tance. 



10 



10. A current self-control type glow plug according to 
any one of claims 1 to 9, wherein a first ceramic 
filler (6) with which is filled the area where the 
heating coil part (4) is provided and a second cer- 
amic filler (7) with which is filled an end portion 15 
of the pipe (2) on the body side to seal an inter- 
mediate portion of the pipe (2) are made of 
ceramic containing Ti0 2 . 

11. Acurrent self-control type glow plug according to 20 
any one of claims 1 to 1 0, wherein the heating coil 

part (4) is provided in contact with the inner wall 
of a front end portion ( 1 5) of the pipe (2), and the 
control coil portion (5) is provided out of contact 
with the inner wall of an intermediate portion (1 6) 25 
of the pipe (2). 

12. A current self-control type glow plug according to 
any one of claims 1 to 11, wherein the front end 
portion (15) of the pipe (2) where the heating coil 30 
part (4) is provided constitutes a heating portion, 

and the control coil part (5) provided in the inter- 
mediate portion (16) of the pipe (2) constitutes a 
current control part. 

35 
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(54) Current self-control type glow plug 

(57) A current self-control type glow plug includes a 
ceramic pipe 2 attached to a hollow body 1 having a con- 
nector 12, and a front end portion 15 and a body-side 
end portion 17 of the pipe 2 are filled with ceramic fillers 
6,7. The coil 3 comprises the heating coil part 4 and the 
control coil part 5. The heating coil part 4 constituting a 
heating part is arranged in contact with the inner wall 
surface 20 of the pipe 2. The control coil part 5 consti- 
tuting a current control part is arranged out of contact 
with the inner wall surface 20 of the pipe 2. The current 
control means 10 having a positive resistance-temper- 
ature coefficient is connected to the coil 3 and the con- 
nector 12. The resistance of the current control means 
10 sharply increases above a specified temperature to 
cut off the current supply to the coil 3. 
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